Abstract: Using DCC-GARCH and EGARCH model, this paper finds that since 1990, the relationship between crude oil prices and the US dollar index is time-varying, demonstrating a process of "very weak correlation-negative correlation-enhanced negative correlation-weakening negative correlation", but the existing research does not provide enough reasonable explanation. Therefore, this paper proposed a "key mediating factors" hypothesis which points out that whether there is a common "key mediating factor" is important source of the time-varying relationship between two assets. We argue that market trend and financial market sentiment undertook the role of "key mediating factor" during the period of "2002 to the financial crisis" and "financial crisis to 2013", while other periods lack the "key mediating factors".
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and two assets' price fluctuation is driven by individual respective factors, which leads to a weak correlation.
The rest of this paper is structured as follows: section 2 introduces data and empirical model; section 3 presents empirical results and robustness check; section 4 provides an explanation to the empirical results; section 5 concludes.
Data and Empirical Model

Data
We select Brent crude oil futures and dollar index as proxies for crude oil price and US dollar exchange rate from Wind Info, which is a leading financial information service provider. Let , BOO t r be Brent crude oil yields, , USDX t r is the US dollar index yield, sample range from January 2nd, 1990 to December 31st, 2016, and at last get a total of 6586 observations. Table 1 shows basic descriptions of data. corresponds to the rise of oil prices. However, we still need more accurate ways to detect the correlation between them.
Modeling by DCC-GARCH
Engel's (2002) DCC-GARCH Model is widely used to analyse the relationship among different markets as it can calculate dynamic correlation effectively, and we use this Model to judge the correlation between oil price and dollar index at different time. 
In equation (2), 1 t   stands for the information set of (t-1) period that is the new interest of return on i (i=1, 2) asset obey multivariate normal distribution with mean as 0 and covariance matrix as H t . 
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, then the Dynamic correlation structure equation is, 
In equation (7) 
Empirical Model and Robustness Test
Model Estimation Results
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We firstly take unit root and heteroskedasticity test on each yield before applying DCC-GARCH Note: The asterisks ***, **, and * indicate 1%, 5%, and 10% significance levels, respective. Through test, we found that EGARCH (1, 1) -GED GARCH model is more appropriate than the other GARCH model, the specific model as following:
 represents a non-symmetry effect, and empirical results are shown in Table 3 . Note: The asterisks ***, **, and * indicate 1%, 5%, and 10% significance levels, respective.
Results of EGARCH and the DCC-GARCH model are consistent.  is not significant and is close to zero before 2002. After 2002, in the period 2 and period 3,  is significant and the value of period 3 is larger than period 2. In addition, 2 AR  in period 3 also increased, which means that there is a significant negative relationship between dollar index and oil prices in period 2 and period 3, but the relationship in period 3 is stronger. In period 4, either  or 2 AR  was very low, and the correlation between the two is weak. The EGARCH results further showed that the correlation between the dollar index and crude oil prices have experienced a process of "very weak correlation -negative relationship -enhanced negative relationship -weakening correlation".
The Hypothesis and Explanation of "Key Mediating Factors"
Our empirical results further confirm that even if the sample period is extended to the period after financial crisis, the relationship between crude oil prices and the dollar is time-varying, which is consistent with previous literatures. But since the previous studies did not provide adequate explanations to why the correlation is time-varying, this paper proposes a hypothesis of "key mediating factors". We believe that:
(1) although the price of crude oil and the dollar are influenced by different factors, such as monetary 9 policy of United States and the EU, international payments imbalances, macroeconomic prospects of relevant economies and other factors that influence the US dollar exchange rate, and OPEC and non-OPEC oil production, the global overall demand, liquidity and price of alternative products, geopolitical events that influence the price of crude oil, in a certain period, there exist a "key mediating factor" that has a significant impact on both US dollar exchange rate and crude oil price simultaneously, and in the opposite direction, making the two demonstrate a negative relationship. And as the impact of the "key mediating factor" is time-varying, leading the correlation between the two strong or weak in different periods; (2) key mediating factors in different periods are not the same; (3) in some period, there is no such key mediating factor, in such case, the fluctuation of the two assets price is mainly driven by individual factors, resulting in a weak correlation. The specific mechanism is shown in figure 3. According to history of financial market in the 1990s, we believe that there are two factors that have served as the key mediating factor since2002, one is market trend and another is financial market sentiment.
While in the period before 2002 and after 2013, there is a lack of corresponding "key mediating factor".
(1) Market Trend
Asset price always show certain trend characteristics in some period, which will affect investors' expectations, and then affect the relationship between different assets' price. We argue that the important reason for negative correlation between US dollar and crude oil from 2002 to global financial crisis is that, dollar and oil prices show a clear opposite trend during this period. Specifically, the dollar underwent a long-term downward trend, while commodities (including crude oil) experienced a "super cycle".
As early as 1999, before the official circulation of euro within the EU Members, many economists 10 already have begun to discuss the possible impact of euro on the international status of the dollar and its value. As a representative view, Portes and Rey (1998) Erten and Ocampo (2012) argues that the rise in commodity prices makes investors believe financial trading on commodities has become an important way to hedge in portfolio. When the market has opposite expectations about the trend of two assets price, this will lead investors to form a hedge strategy in financial markets. They will take a long position in one market and a short position in another, leading to a negative relationship between two assets. Especially, once the market believes that this negative relationship becomes a law, participants will reinforce hedge strategy. This explain why after 2002, the relationship between the dollar and oil is negative, even if oil or dollar fluctuated in reverse direction, the negative relationship still maintained. While after the 2008 financial crisis, market expectations about the 11 dollar and oil price trends reversed, although this reversal was caused by market panic, the hedge strategy were still useful by inertia, which further reinforces the negative relationship.
(2) Financial Market Sentiment
After the outbreak of the financial crisis in 2008, market sentiment has become a key factor affecting the dollar exchange rate and oil prices. Many scholars noticed that the panic in financial markets has a direct impact on dollar exchange rate, particularly in turbulent period, dollar is considered as a "safehaven" currency. Cairns et al. (2007) believes that due to dollar's own international status and its advantage on global mobility and acceptability, many foreign investors hold the dollar as a safe asset, especially compared with currencies of developing and emerging countries. When market is in turmoil, the stability of earnings is significantly more important. Ranaldo and Söderlind (2007) In contrast with the dollar, relationship between VIX and oil prices is negative significantly. When the market panics rose, the oil prices fell; and when the market panics eased, the oil prices rose. This is mainly due to two reasons: first, after the financial crisis, the rising or falling of market panics reflects the pessimistic and optimistic sentiment of market towards future macro-economy. Future macroeconomic deterioration or improvement will reduce or increase oil demand, leading to a decline or rise in crude oil price; second, after 2000, the financialization of commodity markets (including crude oil) grows fast. The price of oil and other commodities are mainly determined by financial markets, especially by futures markets (Tang and Xiong, 2012; Cheng and Xiong, 2013) , financial invest and speculation has became a important power to oil price. Market panic will lead investors to short oil assets and invest in safe assets.
While market gets calm and investors' risk appetite strengthens, market investors tend to sell safe assets and buy oil assets, leading oil prices to rise. These two forces combined together, making a negative correlation between the oil price and VIX index. Furthermore, Figure 5 shows the dynamic correlation coefficients between the VIX index calculated by the above DCC-GARCH method and the US dollar index and crude oil price respectively.
We can see that after the 2008 financial crisis, the DCC coefficient of dollar index and crude oil price with VIX is positive and negative respectively, and the value increased significantly until 2013, when the correlation comes to zero. This means that VIX index became the "key mediating variable" after financial crisis. and VIX index, and even shows a short-term negative relationship in some periods.
The outbreak of the financial crisis and subsequent debt crisis in Europe made VIX index not only reflect the problems of United States financial markets, but also to a large extent reflect investors' expectation of global financial market stability, and the rise or fall of the VIX index stimulates the risk aversion or risk-taking of the market, which leads to a significant positive relationship between the two.
When the crisis gradually passes away, the overall market sentiment calms down again, and the relationship between the two tends to zero again.
Similarly, before the financial crisis, the correlation between oil prices and the VIX index is also not significant ( Figure 5 ), except for the time period 1990 to1991, which shows a significant positive correlation. In other periods, even in some period of time with VIX volatility, the relationship between the two is also not significant. The root cause of the positive relationship during 1990 to 1991 was that at that time important Middle East oil-producing countries such as Iraq and Kuwait were under war. On the one hand, the market is worried about the impact of oil supply; On the other hand, the United States' large-scale military action triggered panic in the financial market, making people take a short position on the dollar, resulting in a negative relationship between them. Similarly, with the financial crisis passed away, VIX index gradually becomes stable, the correlation once again tends to zero.
It is particularly important to note that, from July 2014, the US dollar index and oil prices showed an opposite trend, with oil prices falling sharply, and the US dollar index continuing to rise, seemingly 14 showing a negative correlation. However, in fact, the dynamic correlation coefficient of the two didn't tend to be negative, but tend to be zero. It shows that the rise of the US dollar and the fall in the international oil prices are not completely corresponding, and the opposite of the overall trend is only a coincidence or short-term phenomenon. This paper argues that this is also in line with the theory of "key mediating variables". The decline in international oil prices is mainly affected by Saudi Arabia's refusal to reduce oil production, geopolitical tensions between Russia, Europe and the United States, slowing economic growth in China, and increasing shale gas oil production. The rise of the US dollar index is mainly due to the fact that recovery of US economy makes the Fed exit QE, while Bank of Japan and European Central Bank implement a new round of QE. Therefore, there is no common "key mediating factor". In addition, due to crude oil prices fell quickly and suddenly, the market has not formed a long-term, steady downward trend expectation, therefore, there is obvious hedge strategy in financial market. The fluctuation of crude oil and US dollar is affected by their respective factors, lacking the common "key-mediating factor", which leads to a weak correlation.
It can be said that the market expectation and the hedge strategy are the mediating factor of the negative relationship in the period when the market trend are obvious. In the period of financial crisis, financial market sentiment is main mediating factor of the negative relationship. While during non-crisis period and when market trend are not obvious, as there is no key mediating factor that simultaneously impact two assets, making the correlation very weak.
Conclusions
By DCC-GARCH model, we find that after 1990, the dynamic relationship between oil prices and the dollar index is time-varying, and experienced "very weak -negative relationship -negative relationship enhancement -weak" process. Before 2002, the correlation was weak; after 2002, there established the negative relationship and continue to strengthen; after 2008 financial crisis, the negative relationship further increased and maintained at a high level until 2013; after 2013, the correlation was weakened again.
The main cause of this time-varying relationship is whether intermediary variable exists or not, which has a major impact on the two market volatility at the same time. Specifically, from 2002 to 2008, oil prices and the dollar index respectively showed a significant rise and decline, triggered a market hedge strategy; after 2013 financial crisis, financial market sentiment and continued hedge strategy inertia has become intermediary of negative relationship; and the lack of a common key mediating factor led to a weak correlation in other periods.
As this article mainly focuses on the relationship between the oil prices and US dollar and main reasons behind, future studies need more refined research to deepen the understanding of the relationship between the two. For example, the interdependence and causality between the dollar and oil prices within a certain period, how "index transaction" specifically affects oil price fluctuations and interacts with the foreign exchange market, how monetary policy, especially Fed's monetary policy affects US dollar
